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ABSTRACT 
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The enclosed material is a compilation of computer programs 
developed during the period May, 1968 to September, 1970, These 
programs were developed by teachers and students in the high schools 
which participated with us, and by the Project staff. 

All of the enclosed programs have been tested on a Digital 
Equipment Corporation TSS-8 time-shared computer during the summer 
of 1970. To the best of our ability, we have assured ourselves 
that the programs actually run. It should be pointed out, however, 
that we were not able to make an exhaustive exploration of the pro- 
grams. There may be undiscovered bugs (if there aren't, it may be 
the first time in the history of computing) . We would appreciate 
hearing of any which emerge in the future. 

These programs run in the version of BASIC which existed on 
the TSS-8 in August, 1970, and should run on most other versions of 
BASIC. The major potential problem on other machines is the output 
format (DEC uses 14 columns per print zone, while some other manu- 
facturers use \5; we used the TAB function, which doesn r t exist in 
all BASIC compiles) . It may be necessary to make some minor 
changes in programs to adjust this format. Another possible 
problem is in the use of the RANDOMIZE command in some programs 
to start the random-number generator at a random point. If this 
command is not available, some other means should be devised for 
randomizing the start. 

It is our sincere hope that these programs and their sup- 
porting documentation will be helpful to educators who are explor- 
ing the uses of computers in education. 

We are anxious to hear of any bugs, errors, ' or improvements 
in these programs, and are especially anxious to hear of any novel 
ways of using them. 



Ludwig Braun 
Marian Visich, Jr. 
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DISCIPLINE 



BIOLOGY 



SUBJECT GENETICS 

PROGRAM NAME DROS 



DESCRIPTION : 

This program determines the genetic characteristics of the offspring of a 
pair of Drosophila flies with specified traits. A game approach is used involving 
the entire class, in which the students can select different genotypes. 



OBJECTIVES: 



To show the student: 

A. The result of MEIOSIS and the effect of random assortment. 

B. That various genetic recombinations occur in sex cells and in genotypes of 
offspring. 

C. That if enough trials are run, Mendelian ratios are verified. 

D. That he can simulate different genotypic conditions and determine the 
probability of the phenotypic outcome. 



PRELIMINARY PREPARATION: 



A. Student - An understanding of the concepts in the computer program GAMGN . 
Tt is best to use DROS as soon as possible after GAMGN . 

B. Materials - Eight containers grouped in two sets of four and labeled 

— A, B, C, D. Designate one of the group of four as male chromosomes, and 
the other as female. Into each container, place two slips of paper, one 
marked 1 and the other, 2. 

Before beginning the program have a student; 

1. Take out one slip of paper from each of the containers of the male 
group and mark the designation on the chalk board. For instance: 

Al, B2, C2, Dl; 

2. Take out one slip from each container of the female group and do 
the same as with the male group. 

Decide what the phenotype would be by discussing it in class. 

You will run the program using the information you have on the chalk board. 

It will give you the correct phenotype. See how the class* answer compares 
with the computer* s. 
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DISCUSSION: 



Biology 

DROS 



A. Operational Suggestions 

1. Student level - average 

2. This program can be used on a classroom basis. 

3. Pitfalls to avoid - See that the students run the program several times 
and keep a record of each run. This is necessary to show the various 
possible combinations that can occur, and their frequencies. 

B. Follow-up 



After the program has been run: 

1. Get as many runs as possible so that percentages can be determined 
for each phenotype of the offspring. 

2. a) Determine the total number of offspring. Each run represents 1 
offspring. Cor.ztt them. 

b) Determine the total number of offspring which lived. 

c) Dete: mine each phenotype and show that a ratio exists between 
dominant and recessive traits. (This should follow typical Mendelian 
ratios) 

3. Elicit from the students: 

a) What was their role in the game? (The students conduct meiosis by 
randomly selecting the genotype of each gamete. ) 

b) (When using a small number of runs) Why did the Mendelian ratios 
not hold true? 
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THIS PROGRAM IS DESIGNED TO GIVE THE GENETIC RESULTANT TRAITS 
OF OFFSPRING WHOSE PARENTAGE VAS DISCUSSED IN PROGRAM 'GAMGN * 

ARE YOU READY t HERE VE GO. 

FOR THE SPERM CELL# WHAT IS 'A 1 ? C TYPE 1 OR 2>? 2 

WHAT IS 'B'? 1 
WHAT IS 'C'? 2 
WHAT IS 'D'? 2 

FOR THE EGG CELL# WHAT IS 'A'? (TYPE 1 OR 2>? 2 
WHAT IS 'B ' ? 1 
WHAT IS 'C'? 1 
WHAT IS 'D'? 1 
OFFSPRING HAS NORMAL WINGS 
AND IS RED EYED. 



LET'S TRY THIS SEVERAL TIMES AND SEE THE RESULTS WE GET 
OVER SEVERAL TRIALS. KEEP A RECORD. 

SHALL WE TRY AGAIN? IF YES TYPE 1# IF NO TYPE 0. 

? 1 

FOR THE SPERM CELL# WHAT IS 'A 1 ? (TYPE 1 OR 2>? 1 

WHAT IS 'B»? 2 
WHAT IS 'C'? 2 
WHAT IS 'D'? 2 

FOR THE EGG CELL# WHAT IS 'A'? (TYPE 1 OR 2 )? 1 
WHAT IS 'B'? 2 
WHAT IS 'C'? 1 
WHAT IS ' 'D'? 1 

OFFSPRING HAS VESTIGIAL WINGS 
AND IS WHITE EYED 
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SHALL WE TRY AGAIN? IF YES TYPE 1# IF NO TYPE 0. 

? 1 

FOR THE SPERM CELL# WHAT IS 'A'? (TYPE 1 OR 2)? 1 

WHAT IS 'B'? 1 

WHAT IS 'C'? 2 

WHAT IS ’D'? 2 

FOR THE EGG CELL# WHAT IS 'A'? (TYPE 1 OR 2)? 1 

WHAT IS 'B • ? 2 

WHAT IS »C'? 1 

WHAT IS 'D'? 2 

OFFSPRING HAS VESTIGIAL WINGS 

AND IS RED EYED. 

SHALL VIE TRY AGAIN? IF YES TYPE 1# IF NO TYPE 0. 

? 1 

FOR THE SPERM CELL# WHAT IS 'A'? (TYPE 1 OR 2)? 1 

WHAT IS 'B'? 2 

WHAT IS 'C'? 2 

WHAT IS 'D'? 2 

FOR THE EGG CELL* WHAT IS 'A'? (TYPE 1 OR 2)? 1 

WHAT IS 'B'? 2 

WHAT IS 'C'? 2 

WHAT IS 'D'? 2 

OFFSPRING HAS VESTIGIAL WINGS 

AND IS WHITE EYED 
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SHALL WE TRY AGAIN7 IF YES TYPE 1* IF NO TYPE 0. 

7 I 

FOR THE SPERM CELL* WHAT IS 'h'7 CTYPE 1 OR 2)7 2 

WHAT IS '8*7 1 
WHAT IS ’ C ' 7 1 
WHAT IS ' D ' 7 1 

FOR THE EGG CELL* WHAT IS 'A'7 (TYPE I OR 2)7 I 
WHAT IS *B *7 1 
WHAT IS *0*7 1 
WHAT IS *D ' 7 I 

DEVELOPING EMBRYO HAS DIED DUE TO LETHAL GENE ACTION* 

3iALL WE TRY AGAIN7 IF YES TYPE 1* IF NO TYPE 0. 

7 0 

I HOPE THAT I HAVE BEEN OF SOME HE’-P TO YOU* 

AND THAT 5 RUNS PROVIDE ENOUGH INFORMATION. 



READY 
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100HEM THIS PROGRAM DEVELOPED BY R. COOPEHMAN — JOHN GLENN HIGH SCHOOL 
IIO HEM AEVISED BY C.LOSIK 7-9-70 

119 HEM C IS THE HUN COUNTER# ALL INPUTS AkE TEMPORARY 
ISO LET OO 

125 REN WE ASSIGN EACH GENE A "WEIGHT'S 

126 REM AND COMBINE THE WEIGHTS TO GIVE RESULTS ! 

I30PHI NT"THI S PHOGHAM IS DESIGNED TO GIVE THE GENETIC RESULTANT TRAITS" 
I40PRINT"0F OFFSPRING WHOSE PARENTAGE WAS DISCUSSED IN PROGRAM ' GAMGN • " 
150PRINT 

440PHI NT" ARE YOU READY? HERE WE GO." 

450PRINT 

540PRINT"F0R THE SPERM CELL# WHAT IS 'A'? (TYPE 1 OR 2>"i 



550 INPUT X 

551 IF AM THEN 559 

552 LET X**5 

553 GO TO 560 
559 LET AMO 
560PRINT" 

570 INPUT Y 

571 IF Y«1 THEN 579 

572 LET YMOO. 

573 GO TO 580 
579 LET Y=50 
580PRINT" 

590 INPUT W 

591 IF WM THEN 599 

592 LET W“0 



WHAT IS , B ,M ; 



WHAT IS 'C ,M i 



593 GO TO 600 
599 LET W»500 
60CPRINT" 

610 INPUT i 

620PRI NT"FOR THE EGG CELL# 

630 INPUT L 

631 IF L»1 THEN 639 

632 LET L**5 

633 GO TO 640 
639 LET L“ 10 
640PRINT" 

650 INPUT M 

651 IF MM THEN 659 

652 LET MM GO 

653 GO TO 660 
659 LET M«50 
660PRINT" 

670 INPUT N 

671 IF NM THEN 679 

672 LET N**0 

673 GO TO 680 
679 LET N-500 
680PRINT" 

690 INPUT 0 



WHAT IS 'D'"; 

WHAT IS 'A'? (TYPE 1 OH 2) 
WHAT IS 'B'"; 

what is 'c*"; 

WHAT IS 'D'"; 
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700 LET T=»W+N 
710 LET S»Y+M 
720 LET R-X+L 
725 LET C-C+l 
730 IF T<999 THEN 750 

740PRINT"DEVEL0FING EMBRYO HAS DIED DUE TO LETHAL GENE ACTION.” 

745 GO TO 910 

750 IF R< 1 9 THEN 770 

760PRINT”0FFSPRING HAS VESTIGIAL WINGS" 

765 GO TO 780 

770PRI NT” OFFSPRING HAS NORMAL WINGS" 

780 IF S< 199 THEN 800 
790PRINT "AND IS WHITE EYED" 

795 GO TO 910 

800PRINT"AND IS RED EYED." 

910 PRINT 

915 IF C>1 THEN 940 

920PRINT" LET'S TRY THIS SEVERAL TIMES AND SEE THE RESULTS WE GET" 

930PRINT"0VER SEVERAL TRIALS. KEEP A RECORD." 

940 PRINT "SHALL WE TRY AGAIN? IF YES TYPE 1* IF NO TYPE 0." 

950 INPUT I 
960 IF I«1 THEN 540 
963 IF I“0 THEN 970 
966 GO TO 940 

970PRINT" I HOPE THAT I HAVE BEEN OF SOME HELP TO YOU.*" 

980 PRINT "AND THAT"C"RUNS PROVIDE ENOUGH INFORMATION." 

990 END 
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DISCIPLINE BIOLOG Y 
SUBJECT EVOLUTION 
PROGRAM NAME EVOLU 



DESCRIPTION : 

A population of dark and light pepper moths are studied over a 
period of 30 years. The student selects the year and direction of 
environmental changes which favors one or the other. The concept of 
natural selection in evolution is developed. 



OBJECTIVES : 

To show the student that: 

A. The mutation rate within a population for a specific trait can be 
stable for a period of time, or can change. The success of the 
progeny exhibiting this variation is dependent upon environmental 
conditions. 

B. Progeny exhibiting an hereditary trait do not necessarily reach 
maturity, because of the influence of environment. 

C. Evolution depends upon mutation, heredity, and environmental 
pressures. 



PRELIMINARY PREPARATION: 



A. Student - An understanding of the following terms: 1) mutation rate, 
1 ) species, 3) environmental change, 4) population. 

B. Materials - 1) Specimens showing color variations within any species 
(optional); and 2) Ditto of the list of assumptions presented in this 
program (optional). Assumptions are listed below. 



DISCUSSION : 

A. O perational Suggestions 

1. Student level - average 

2* Group size - Work in small groups of five or less. Remaining 
students may be engaged in a related activity. 

3. Assumptions - Prior to running the program, the students should 
be told to assume the following: 

a) The environment initially favors the light moths. 

b) At first, brown moths are produced, but because of environ- 
mental pressures they do not reach maturity. 

c) The total population in the area cannot exceed the initial 
number of moths, because this is the maximum number of 
moths the environment can support. 
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